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Abstract 
This work focuses on a model of water-rock geochemical interaction and its testing on data from hydrogeological and 
isotopic research of rates of percolation of ground water in Cenomanian and Turonian aquifers of the Bohemian 
Cretaceous Basin. A simple geochemical model of percolation in Cenomanian and Turonian aquifers is presented. 
Using calibration with measured data, the dissolution rates of minerals or reaction surfaces of minerals are obtained. 
The results are discussed. 
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1. Introduction 
The studied area is located in central part of the Cretaceous basin of the Bohemian Massif, central 
Europe. There are two major aquifers: Upper Cenomanian and Middle Turonian aquifers. They are 
separated by Lower Turonian aquitard composed mostly of clay stones and marlstones. The Cenomanian 
aquifer has a confined water table. The Middle Turonian aquifer has a free water table along the 
investigated flow-pass (Fig. 1, 2). 
 Hydrogeological and isotopic research of rates of percolation of ground water in Cenomanian and 
Turonian aquifers of the Bohemian Cretaceous Basin in Paces et al. [1] (2008) offers data to test 
geochemical modeling of water/rock interaction. This test is helpful to derive stability, reaction surfaces 
of minerals and rate constants of dissolution of minerals in situ and compare the data with equilibrium 
and rate constants obtained by laboratory experiments. The rate constants of dissolution of feldspars 
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obtained by laboratory dissolution experiments and derived by various filed methods in situ differ by one 
to two orders of magnitude. In case of equilibrium constants of secondary aluminium solids, there is also 
a discrepancy between equilibrium constants of well mineralogical defined aluminium minerals and 
equilibrium control of dissolved aluminium in natural systems. We model chemical composition of 
ground water whose age was derived from complex isotopic data in Corcho Alvarado et al. [2] and the 
results of modeling are compared to chemical analysis of ground water along trajectory of prevailing 
flow. The samples of ground water were collected from 7 drill holes in Cenomanian aquifer and 4 drill 
holes in the Turonian aquifer. The model represents interaction between ground water and sandstones 
containing quartz, mixture of clay minerals, calcite and traces of residual feldspars. The processes of 
water-rock interaction are the kinetic dissolution of feldspars, as well as carbonate equilibrium and 
aluminum equilibrium. Concentration of aluminum and silica in water is controlled probably by 
equilibrium with amorphous silica and secondary amorphous aluminosilicate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Sketch of the Bohemian Cretaceous Basin [3] with the bold line of the cross-section in Fig. 2. Key: 1- present 
extent of sediments of the Basin, 2- important faults, 3- parts of the basin not evaluated in Herčík et al. [3]. 
 
Fig. 2. A NE-SW cross-section through the Bohemian Cretaceous Basin according to Herčík et al. [3].  
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2. Model 
Water solutions in the model contain following species: H+, Na+, K+, Ca2+, Al3+, OH-, Cl-, HCO3-, 
Al(OH)4-, SiO2 and CO2. 
Equilibrium reactions in the model are water dissociation, equilibrium of tetrahydroxidoaluminate, 
reversible carbon dioxide dissolution and ex-solution, reversible precipitation and dissolution of calcite, 
reversible precipitation and dissolution of amorphous silica and reversible precipitation of isoelectric 
amorphous aluminosilicate [4]. Equilibrium constants are extracted from LLNL thermodynamic database 
thermo.dat [5]. 
Kinetic reactions considered by the model are irreversible dissolution of albite, orthoclase and 
anorthite. Reaction rate (O(r)) of the equation is given by corresponding kinetic constant k(r) 
[mol/dm2/day], specific reaction surface s(r) [dm2/l], and porosity n [-]: 
( ) ( ) ( )
1    r r rO k s n
= ⋅ ⋅   (1) 
Kinetic constant of dissolutions of feldspars are taken from Paces [6]. Reaction surfaces of feldspars 
result from model calibration against the analyses of samples from the Bohemian Cretaceous Basin, 
porosity is 0.3. 
The distance from infiltration to discharge is 65 km in Cenomanian aquifer and 25 km in Turonian 
aquifer. The average flow rate is 2.5 m/yr (7.9x10-8 m/s). Temperature in model is constant at 25°C. 
Table 1. Calibrated values of reaction surfaces. The calibration was performed using the Least Square Method with all measured 
data (the weights in the objective function were uniform). 
Aquifer Mineral s(r) [dm2/l] Aquifer Mineral s(r) [dm2/l] 
Cenomanian Orthoclase 0.001578275 Turonian Orthoclase 0.006313125 
Albite 0.00208325  Albite 0.0007985 
Anorthite 0.002712675  Anorthite 0.04069 
 
The calibration was performed using the Least Square Method. The data fitted by calibration were 
concentrations of 7 main water components (Ca, Na, K, Si, Al, C, pH) in all boreholes (4 in Turonian 
aquifer and 7 in Cenomanian aquifer). All data had the same importance (all weights in the objective 
function were uniform). All parameters of the model were fixed except specific reaction surfaces of 
orthoclase, albite, and anorthite. Table 1 shows calibrated values of specific reaction surfaces of feldspars. 
3. Results 
The model shows, that the composition of water in the Cenomanian aquifer is a result of long term 
dissolution of residual feldspars and equilibration with calcite and amorphous aluminum silicates and clay 
minerals. Water does not mix with water infiltrating from surface along the groundwater streamline. By 
contrast, the composition of water in the Turonian aquifer is a result of water-rock interaction with 
sandstone and mixing with water infiltrating from surface along the groundwater streamline. In this case, 
the model cannot be applied to the hydraulic system with mixing of waters of different ages and origins.  
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4. Conclusion 
The model of interaction between ground water and sandstones containing quartz, mixture of clay 
minerals, calcite and traces of residual feldspars was implemented and used for interpretation of analyses 
of water from the Bohemian Cretaceous Basin. Reaction surfaces of several minerals were calibrated, the 
calibrated values seem to be probable. The model seems to be adequate for the Cenomanian aquifer but as 
it does not consider mixing with infiltrating water, it is not sufficient for the Turonian aquifer. 
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